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APPARATUS AND METHODS FOR COMMUNICATING USING SYMBOL- 
MODULATED SUBCARRIERS 

Technical Field 

Embodiments of the present invention pertain to electronic 
communications, and in particular, to wireless communications, and in some 
embodiments, to wireless communications using symbol-modulated subcarriers. 



10 Background 

Some wireless local area networks employ multi-carrier transmission 
techniques, such as orthogonal frequency division multiplexing, in which symbol- 
modulated orthogonal subcarriers are used to transmit information. The use of 

1 5 orthogonal subcarriers allow the subcarriers to be spaced much more closely 

together within an available spectrum than, for example, the individual channels 
in a conventional frequency division multiplexing (FDM) system. Before 
transmission, the subcarriers may be modulated with a low-rate data stream. The 
transmitted symbol rate of the symbols may be low, and thus the transmitted 

20 signal may be highly tolerant to multipath delay spread within the channel. For 
this reason, many modern digital communication systems are using symbol- 
modulated orthogonal subcarriers as a modulation scheme to help signals survive 
in environments having multipath reflections and/or strong interference. 

Many conventional communication systems achieve higher throughput by 

25 operating at a maximum transmit power level. These systems, however, do not 
consider the effects that transmit power level may have on other communication 
devices. Furthermore, these systems do not consider network information, the data 
type and the application for determining transmit power lever, as well as other 
communication parameters for communicating. 
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Brief Description of the Drawings 

The appended claims are directed to some of the various embodiments of 
5 the present invention. However, the detailed description presents a more complete 
understanding of embodiments of the present invention when considered in 
connection with the figures, wherein like reference numbers refer to similar items 
throughout the figures and: 

FIG. 1 illustrates a communication system in accordance with some 
1 0 embodiments of the present invention; 

FIG. 2 is a functional block diagram of a communication station in 
accordance with some embodiments of the present invention; 

FIG. 3 is an information flow diagram in accordance with some 
embodiments of the present invention; 
1 5 FIG. 4 is a flow chart of a procedure for determining communication 

parameters in accordance with some embodiments of the present invention; and 

FIG. 5 is a flow chart of a procedure for determining communication 
parameters in accordance with some embodiments of the present invention. 

20 Detailed Description 

The following description and the drawings illustrate specific 
embodiments of the invention sufficiently to enable those skilled in the art to 
practice them. Other embodiments may incorporate structural, logical, electrical, 

25 process, and other changes. Examples merely typify possible variations. Individual 
components and functions are optional unless explicitly required, and the 
sequence of operations may vary. Portions and features of some embodiments may 
be included in or substituted for those of others. The scope of embodiments of the 
invention encompasses the full ambit of the claims and all available equivalents of 

30 those claims. 

FIG. 1 illustrates a communication system in accordance with some 
embodiments of the present invention. Communication system 100 may include 
transmitting station 102 and receiving station 104, which may communicate over 
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communication channel 106. Communication channel 106 may comprise a 
plurality of orthogonal symbol modulated subcarriers. System 100 may be part of 
a high-throughput (HT) wireless local area network (WLAN) which utilizes 
adaptive bit loading and transmit power control for communication channels that 
5 utilize symbol modulated subcarriers, although the scope of the invention is not 
limited in this respect. In some embodiments, the transmit power level and 
subcarrier modulation assignments may be selected and updated based on 
measured channel conditions to achieve a quality of service (QOS) level for an 
application and data type. In some embodiments, the transmit power level and 
10 subcarrier modulation assignments may be selected to achieve an acceptable 
packet error rate and/or an acceptable link data rate, although the scope of the 
invention is not limited in this respect. In some embodiments, an acceptable 
packet error rate at the top of the communication station's physical layer (PHY) 
and an acceptable link data rate at the top of the communication station's MAC 
1 5 layer may be achieved. 

In accordance with some embodiments, system 100 may use the observed 
or measured frequency selectivity and interference of channel 106 to select 
subcarrier modulation assignments for each subcarrier or groups of subcarriers. 
This may be referred to as adaptive bit loading (ABL). The subcarrier modulation 
20 assignment decisions may affect the overall achieved data rate depending on the 
modulation orders selected. System 100 may also utilize transmit power control 
(TPC) to adjust the transmit power. The transmit power level may be changed, for 
example, to reduce battery consumption and/or interference to other devices, or to 
support small "cell" sizes. Adjustment of the transmit power level on one end of 
25 channel 106 may affect the ABL modulation order decisions on the other end 

since each subcarrier's signal to noise ratio (SNR) may change with the transmit 
power level. 

In some embodiments, a communication station, such as receiving station 
104, may estimate channel 106 in order to select subcarrier modulation 
30 assignments via an ABL process. In these embodiments, receiving station 104 may 
also consider asking transmitting station 102 to change its transmit power level. In 
some situations, when the ABL process determines that low modulation levels are 
desired for reliable communications at the current transmit power level, the data 



Attorney Docket No. 884.A54US1 



3 



Client Ref. No. P17443 



rate may suffer accordingly. Although receiving station 104 may request that 
transmitting station 102 increase its power level, an increased power level may 
create unacceptable levels of interference with other communication stations and 
increase the power consumption of transmitting station 102. As can be seen, a 
5 tradeoff exists between throughput (i.e., link data rate), link reliability, transmitter 
power consumption, and interference to other devices. In accordance with some 
embodiments of the present invention, communication stations 102 and/or 104 
may select a transmit power level and may select subcarrier modulation 
assignments by considering parameters not directly related to the communication 

10 link. Examples of such parameters may include the data type, the application 
and/or application requirements, network congestion, network aggregate 
throughput, and/or latency requirements. 

In some embodiments, receiving station 104 may be a mobile 
communication unit, while transmitting station 102 may be a more stationary 

15 communication unit such as an access point. In these embodiments, transmitting 
station 102 may be coupled with one or more external networks 108 and/or the 
Internet 110. The terms "transmitting" and "receiving" are applied to transmitting 
station 102 and receiving station 104 for ease in understanding embodiments of 
the present invention. It shall be understood that both stations may include both 

20 transmitting and receiving capability to establish duplex communications 

therebetween. Furthermore, although some embodiments of the present invention 
are described with respect to point-to-multipoint communications, the scope of the 
present invention is equally applicable to peer-to-peer communications. 

Receiving station 104 and transmitting station 102 maybe almost any 

25 wireless communication device including a personal digital assistant (PDA), a 

laptop or portable computer with wireless communication capability, a web tablet, 
a wireless telephone, a wireless headset, a pager, an instant messaging device, an 
MP3 player, a digital camera, an access point or other device that may receive 
and/or transmit information wirelessly. In some embodiments, stations 102 and 

30 104 may transmit and/or receive RF communications in accordance with specific 
communication standards, such as the IEEE 802.1 1 standards and/or the IEEE 
802.16 standards for wireless local area network standards, although stations 102 
and 104 may also be suitable to transmit and/or receive communications in 

Attorney Docket No. 884.A54US1 Client Ref. No. P17443 



4 



accordance with other techniques including the Digital Video Broadcasting 
Terrestrial (DVB-T) broadcasting standard, and the High performance radio Local 
Area Network (HiperLAN) standard. 

Antennas 1 12 and 1 14 may comprise a directional or omnidirectional 

5 antenna, including, for example, a dipole antenna, a monopole antenna, a loop 

antenna, a microstrip antenna or other type of antenna suitable for reception and/or 
transmission of RF signals. In some embodiments, antenna 1 12 and/or antenna 
113 may be a smart antenna which may allow a reduction in transmit power level 
to achieve a similar packet error rate or link data rate. In some embodiments, the 

1 0 smart antenna may also affect the SNR. By changing the directivity of a smart 
antenna on a transmitting station, the resulting channel may look less frequency 
selective to the receiver resulting in possibly a different selection of subcarrier 
modulation assignments. As a result, the ABL behavior changes in the presence of 
a smart antenna. In some embodiments, a smart antenna may be controlled by an 

1 5 algorithm that may or may not be coupled with the communication parameter 
selection processes described herein. In the embodiments that include a smart 
antenna, the smart antenna parameters may be set prior to channel measurements 
to allow subcarrier modulation assignments and transmit power level selection for 
a less-frequency selective channel. In some embodiments, a smart antenna may 

20 comprise a combination of two or more antennas which result in the ability to 

change the radiation pattern of a communication station to improve SNR, increase 
gain and/or directivity by beamforming, and/or zero forcing to help avoid 
interferers. 

FIG. 2 is a functional block diagram of a communication station in 
25 accordance with some embodiments of the present invention. Communication 
station 200 may be suitable for use as transmitting station 102 and/or receiving 
station 104 (FIG. 1) although other communication devices may also be suitable. 
Communication station 200 may comprise protocol stack 202, which may include 
one or more layers, such as application layer 204, network layer 206, medium 
30 access control (MAC) layer 214, and physical layer (PHY) 208. Layer 208 may 
couple with an antenna such as antenna 1 12 or 1 14 (FIG. 1). Communication 
station 200 may also comprise a controller to coordinate the activity of the various 
elements of station 200 and protocol stack 202. 
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Communication station 200 may also include application controller 210 
and/or network controller 212. Application controller 210 may determine the 
performance level based on an application and data type. In some embodiments, 
network controller 212 may influence the selection of a transmit power level and 
5 subcarrier modulation assignments made by physical layer 208 based on channel 
conditions to achieve a certain performance level. In influencing the selections 
made by physical layer 208, network controller 212 may take into account 
network information discussed in more detail below. This is described in more 
detail below. 

10 In some embodiments, physical layer 208 may be associated with a 

receiver and signal processing elements for receiving symbol modulated subcarrier 
communication signals and providing data signals. Physical layer 208 may also be 
associated with a transmitter and signal processing elements for converting data 
signals for transmission on symbol modulated subcarrier communication 

1 5 channels. For example, in some embodiments, station 200 may include an 
orthogonal frequency division multiplex (OFDM) receiver and an OFDM 
transmitter associated with physical layer 208. 

In some embodiments, physical layer 208 may select subcarrier 
modulation rates and transmit power levels. In some embodiments, a controller, 

20 such as network controller 212, may influence the selection of modulation rates 
for the subcarriers on a per subcarrier basis. Forward error correction (FEC) code 
rates and interleaving may be adjusted to the per subcarrier modulation selections. 
Some examples of selecting modulation assignments for subcarriers are discussed 
in U.S. Patent application serial number 10/122,513, entitled "WIRELESS 

25 DEVICE AND METHOD FOR INTERFERENCE AND CHANNEL 

ADAPTATION IN AN OFDM COMMUNICATION SYSTEM", which is 
assigned to the same assignee as the present application. 

Although station 200 is illustrated as having several separate functional 
elements, one or more of the functional elements may be combined and may be 

30 implemented by combinations of software-configured elements, such as 

processing elements including digital signal processors (DSPs), and/or other 
hardware elements. For example, the controllers may comprise one or more 
microprocessors, DSPs, application specific integrated circuits (ASICs), and 
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combinations of various hardware and logic circuitry for performing at least the 
functions described herein. Although MAC layer 214 is illustrated as being next to 
physical layer 208, nothing requires this. In some embodiments, MAC layer 214 
may be situated above physical layer 208. 

5 FIG. 3 is an information flow diagram in accordance with some 

embodiments of the present invention. Some elements illustrated in diagram 300 
may be provided by a transmitting station such as transmitting station 102 (FIG. 
1), and some elements may be provided by a receiving station, such as receiving 
station 104 (FIG. 1) although other communication stations may also be suitable. 

10 In accordance with some embodiments, subcarrier modulation assignments 

302 may be selected based on channel conditions 304, which may be measured by 
a receiving station. Subcarrier modulation assignments 302 along with transmit 
power level 306 may determine the possible packet error rate and/or link data rates 
308 that are achievable for a particular channel. In some embodiments, a receiving 

15 station may determine the possible packet error rate and/or link data rates 308 
based on channel conditions 304 and transmit power level 306. In some 
embodiments unit considerations 312 may restrict or limit the transmit power 
levels available for communications through the channel. In some embodiments, a 
network controller a receiving station may determine packet error rates and/or link 

20 data rate 308, although the scope of the invention is not limited in this respect. 

Desired packet error rate and/or link data rate 3 14 may be determined by a 
receiving station. In some embodiments, desired packet error rate and/or link data 
rate 314 may be based on application type 316, data type 318, quality of service 
level 320 and/or and network information 322. An application controller of a 

25 receiving station, in conjunction with the application layer, may determine desired 
packet error rate and/or link data rate 314, although the scope of the invention is 
not limited in this respect. In some embodiments, the application controller may 
determine packet error rate and link data rate combinations that are acceptable to 
the receiving station based on data type 318, application considerations 316 and/or 

30 QOS level 320. 

Application considerations 316 may include a minimum or target packet 
error rate and/or minimum data rate for a particular application that may be 
operating on a communication station. Application considerations 316 may also 
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include a performance level or quality of service level for the application. In some 
cases, application considerations 316 may include a minimum fragment size for 
the application, a maximum fragment size, and latency considerations. 

Data type 3 1 8 may include the type of data which is being communicated 

5 or being used by an application running on a communication unit. Examples of 
data types include voice data, audio data, video data, gaming data, internet 
protocol data, file transfer data, and email data. Each data type may have a desired 
packet error rate and/or a data rate associated with it, which in some cases, may 
depend on the application using the data. Data types may also have associated 

1 0 latency requirements. 

Network information 310 and 322 may include network congestion and 
network aggregate throughput, as well as other network limitations and 
throughput. Network information 310 and 322 may affect the packet error rate 
and/or the link data rate. In some cases the network controller may manage overall 

15 service to several communication stations rather than service to one station over 
an individual link. For example, the network controller may wish to make sure 
that the several communication stations receive about the same link performance. 
Alternatively, the network controller may select communication parameters so that 
that some communication stations receive a minimum bandwidth or additional 

20 bandwidth, which may come at the expense of other stations. In these situations, 
the network controller may select an individual link to get slightly poorer 
throughput than it could in order to make sure that one or more other stations get 
adequate service. In other situations, the network controller may make individual 
link decisions based on interference levels to other network cells to manage 

25 overall network performance rather than making individual link decisions based 
solely on the individual link. 

When a carrier sense multiple access with collision avoidance 
(CSMA/CA) channel access method is employed, there may be little or no benefit 
in optimizing for a low packet error rate because a high packet error rate may 

30 result from collisions. In this case, some embodiments of the present invention 
may optimize throughput by aiming for a higher packet error rate with a higher 
raw throughput. On the other hand, when packet loss is low (e.g., either due to 
collision some other mechanism) and network load is high, the delay for retries 
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may be undesirable, and therefore the network controller may emphasize a low 
packet error rate at the expense of raw throughput when the application traffic is 
known to be delay sensitive. Where there is a low network load, the network 
controller may recommend a reduction in transmit power to reduce interference to 
5 neighbor networks. 

Unit considerations 312 may include power level adjustment capability of 
the transmitter, the power levels available across the subcarriers, the modulation 
levels and modulation parameters available on a per subcarrier basis, and power 
consumption limitations of the transmitting station. Channel conditions 304 may 

10 include the channel response including the frequency response, frequency 

selectivity and/or fading of the channel. Channel conditions 304 may also include 
potential interference with other communications in overlapping, nearby or 
adjacent channels, that may result, for example, when transmit power is changed. 
In some embodiments, channel conditions 304, application considerations 316, 

15 data type 3 1 8 and/or network information 322 may be known to a receiving 
station, while network information 310 and/or unit considerations 312 may be 
known to a transmitting station. In these embodiments, the combination of this 
information may be used by either a transmitting or receiving station to make 
transmit power level decisions as well as ABL decisions. 

20 In some embodiments, desired packet error rate and/or link data rate 314 

may be compared as part of element 324 with estimated packet error rate and/or 
link data rate 308 to determine whether the transmit power should be considered 
to be changed. In some embodiments, the receiving station may notify the 
transmitting station of the selection of subcarrier modulation assignments, as well 

25 as the selection of transmit power level. In some embodiments, the packet error 
rates and/or link data rate may be varied depending on the application, data type, 
and/or QOS level, rather than increasing the transmit power level. In some 
embodiments, the transmitting station may refrain from increasing the transmit 
power depending on possible interference with other devices. Examples of 

30 procedures performed by transmitting and receiving stations are described in more 
detail below. 

In reference to FIGs 1-4, some embodiments of the present invention 
provide a method for determining communication parameters. The method may 
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include selecting transmit power level and subcarrier modulation assignments 
based on measured channel conditions to achieve a performance level for 
communications over a symbol-modulated subcarrier communication channel. 
The communication channel may comprise a plurality of individual orthogonal 
symbol-modulated subcarriers. The modulation rates may be selected for the 
individual subcarriers based on the measured channel conditions. One example of 
measured channel conditions may be the signal to noise and interference power 
ratio (SNIR) which may comprise the measured signal power divided by the sum 
of the received noise and the interference power. 

In some embodiments, selecting the subcarrier modulation assignments 
may include selecting no modulation, BPSK modulation, QPSK modulation, 8- 
PSK modulation, 16-QAM, 32-QAM, 64-QAM, 128-QAM and/or 256-QAM for 
the individual subcarriers of the communication channel. Other individual 
subcarrier modulation assignments with more bits per symbol may also be 
suitable. In some embodiments, individual subcarriers having a better channel 
response (e.g., a higher SNR) may be assigned higher-order modulation 
assignments (e.g., having more bits per symbol) and subcarriers having a poorer 
channel response (e.g., a lower SNR) may be assigned lower-order modulation 
assignments (e.g., having fewer bits per symbol). 

In some embodiments, a desired packet error rate and/or a desired link data 
rate may be determined based on a performance level desired for an application 
and/or a data type. Whether to change the transmit power level for subsequent 
communications over the communication channel may be determined depending 
on whether the desired packet error rate and/or the desired link data rate can be 
achieved based on the selected subcarrier modulation assignments and the selected 
transmit power level. 

In some embodiments, an estimated packet error rate and an estimated link 
data rate may be generated for the channel based on the selected subcarrier 
modulation assignments and the transmit power level. A decision to change the 
transmit power level may be based on a comparison between the estimated packet 
error rate and/or link data rate, and the desired packet error rate and/or the desired 
link data rate. 
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In some embodiments, the desired packet error rate and the desired link 
data rate may be based on particular data type 3 1 8. Data type 3 1 8 may comprise 
voice, audio, video, gaming, internet protocol, file transfer and/or email data. For 
example, in the case of voice data, a moderate packet error rate and lower link 

5 data rate with a low delay limit may be desirable. For example, in the case of 
audio and video data, a lower packet error rate and higher link data rate may be 
desirable, depending on QOS level 320 which may be desired. For example, in the 
case of gaming data, a lower packet error rate and higher link data rate may be 
desirable. For example, in the case of internet protocol data, a lower packet error 

1 0 rate and higher link data rate may be desirable. For example, in the case of file 
transfer data and email data, a lower packet error rate may be desirable and a 
lower link data rate may be acceptable. The packet error rate and link data rate 
may depend on QOS levels which may be preselected for applications and/or data 
types. In some embodiments, determining a desired packet error rate and/or 

1 5 desired link data rate may be based on a desired quality of service level for the 
application using data of the data type. 

In embodiments, QOS parameters may comprise a combination of packet 
error rate, delay limit and throughput. The packet error rate may be within the 
physical layer and may affect both link throughput (e.g., effectively the raw 

20 throughput multiplied by one minus the packet error rate) and the delay (e.g., the 
number of retries require to achieve reliable transport), or the residual data unit 
loss rate (e.g., a packet error rate at the top of the MAC layer). In the case of more 
time-critical data, such as voice, a lower packet error rate may be desirable to 
reduce retires. In the case of less time-critical data, such as internet traffic data, 

25 higher throughput at the top of the MAC layer may be more desirable, even 
though it may have a higher packet error rate. 

In some embodiments, a transmit power level may be decreased to less 
than a maximum power level for an application that meets a predetermined quality 
of service level with a data type associated with a low data rate data or a high 

30 packet error rate. Communications may take place at the decreased transmit power 
level at either a lowered link data rate selected to substantially achieve the desired 
packet error rate, or at an increased packet error rate selected to substantially 
achieve the desired link data rate. 
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In some embodiments, channel conditions, such as interference that may 
be caused to another communication channel, may be measured and the 
transmitting station may refrain from increasing the transmit power level when an 
increased transmit power level would cause an unacceptable level of interference 

5 with other communication devices. Some embodiments may include increasing 
the transmit power level to achieve a decreased the packet error rate or an 
increased the link data rate to substantially meet a quality of service level for the 
application and the data type. Some embodiments may include refraining from 
increasing the transmit power level and either communicating at a lower link data 

10 rate selected to substantially achieve the desired packet error rate, or 

communicating at a reduced packet error rate selected to substantially achieve the 
desired link data rate. 

In some embodiments, the subcarrier modulation assignments for the 
individual subcarriers may be selected based on a received signal, which may be a 

15 channel sounding preamble or some channel measurement signal. In these 

embodiments, data packets comprising data and training symbols modulated in 
accordance with the selected subcarrier modulation assignments may be 
subsequently communicated over the plurality of subcarriers. The data packets 
may be transmitted at the selected transmit power level. 

20 In some embodiments, selecting the subcarrier modulation assignments 

and generating the estimated packet error rate and the estimated link data rate may 
be performed by a receiving station. The receiving station and/or a transmitting 
station may change the transmit power level based on the desired packet error rate 
and the desired link data rate. 

25 In some embodiments, the transmitting station may refrain from increasing 

the transmit power level based network considerations, interference considerations 
or power consumption considerations. The transmitting station may reselect the 
subcarrier modulation assignments to achieve a quality of service level, and may 
communicate the re-selected subcarrier modulation assignments to the receiving 

30 station. 

In some embodiments, throughput may be optimized at a fixed or 
predetermined transmit power level. In these embodiments, a communication 
signal may be transmitted at a predetermined transmit power level carrying a 
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plurality of packets forming a burst of size equal to the number of packets. The 
signal may be received by a receiving station. For various packet error rates, the 
received signal may be evaluated for various subcarrier modulation assignments 
and fragment sizes to determine potential link data rates. The receiving station 

5 may select one of the potential subcarrier modulation assignments and a fragment 
size based on the potential link data rate to achieve the highest link data rate. The 
network layer packets are fragmented according to a fragment size and the 
fragments may be aggregated according to burst size. This allows fragments to be 
individually error-checked and possibly retransmitted. 

10 In these embodiments, a communication signal may be transmitted at the 

predetermined transmit power level carrying packets at either a requested or a 
predetermined burst size, and the receiving station may evaluate various subcarrier 
modulation assignments and fragment sizes based on measured conditions of the 
communication channel. The receiving station may further estimate a duration of a 

15 data burst and a number of bytes expected to be received without error (e.g., the 
goodput) to determine an estimated link data rate. The goodput may be defined as 
the PHY throughput multiplied by one minus the packet error rate. The receiving 
station may also select a combination of packet error rate and fragment size to 
achieve a highest link data rate. In some embodiments, the receiving station may 

20 transmit the selected subcarrier modulation assignments, the selected fragment 
size and an expected packet error rate to a transmitting station, and subsequent 
communications may be received from the transmitting station in accordance with 
the selections. 

FIG. 4 is a flow chart of a procedure for determining communication 
25 parameters in accordance with some embodiments of the present invention. 

Procedure 400 may be performed by one or more communication stations, such as 
communication stations 102 and 104 (FIG. 1) to determine communication 
parameters for communicating over a communication link using symbol- 
modulated subcarriers. The communication parameters may include the subcarrier 
30 modulation assignments for individual subcarriers, as well as a transmit power 
level. In addition to channel conditions, the communication parameters may be 
determined by considering interference to other devices, network information, 
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application requirements, data type, battery and unit level considerations and/or a 
QOS level. 

In operation 402, a receiving station may receive a communication signal, 
such as a channel-sounding preamble, from a transmitting station. In some 
5 embodiments, the communication signal may be a request to send (RTS) 

communication, although the scope of the invention is not limited in this respect. 

In some embodiments, prior to receipt of the communication signal, the 
receiving and transmitting station may exchange capability information, which 
may be accomplished through a management frame exchange. This exchange may 

10 allow the receiving station to know the transmit power level adjustment capability 
of the transmitting station, along with subcarrier modulation assignment capability 
of the transmitting station. In some embodiments, the communication signal 
received in operation 402 may be transmitted carrying a requested packet error 
rate and/or link data rate for the requested transaction. The requested packet error 

1 5 rate and/or link data rate may be determined by the transmitting station's network 
controller based on information available to the transmitter, such as current data 
type and network information. 

In operation 404, the receiving station may estimate the channel based on 
the signal received in operation 402 and may select subcarrier modulation 

20 assignments based on channel measurements for the received power level. In some 
embodiments, the receiving station may estimate the channel based on the signal 
received in operation 402 and may select subcarrier modulation assignments to 
meet a packet error rate and/or link data rate requested by the transmitter. 

In operation 406, the receiving station may estimate a packet error rate 

25 and/or link data rate based on the selected subcarrier modulation assignments and 
the transmit power level. 

In operation 408, a network controller may determine a desired packet 
error rate and/or link data rate. The desired packet error rate and/or link data rate 
may be determined based on application considerations, data type, and network 

30 information. In some embodiments, operation 408 may be performed by a 

transmitting station, and prior to performing operation 410, the receiving station 
may send the selected subcarrier modulation assignments and selected transmit 
power level selected in operation 406 to the transmitting station. 
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In some embodiments, the desired packet error rate and/or link data rate 
may be considered against unit considerations such as battery level, and network 
interference considerations. In operation 410, based on these consideration, the 
network controller may reselect the transmit power level and/or subcarrier 

5 modulation assignments resulting in a different packet error and/or link data rate. 
In some embodiments in which the receiving station had requested a 
packet error rate and/or link data rate in operation 402, the receiving station may 
send the selected subcarrier modulation assignments and selected transmit power 
level selected in operation 406 to the transmitting station. In addition, the 

10 receiving station may notify the transmitting station as to whether or not it is able 
to meet the requested a packet error rate and/or link data rate with the selected 
subcarrier modulation assignments. When selected subcarrier modulation 
assignments are not able to meet the requested a packet error rate and/or link data 
rate, the transmitting station may decide to increase its transmit power level. 

1 5 When the selected subcarrier modulation assignments are able to meet the 
requested packet error rate and/or link data rate with sufficient margin, the 
transmitting station may decide to reduce its transmit power level. 

In operation 412, the receiving station may be notified that the 
transmitting changed the communication parameters, such as a change in the 

20 transmit power level or a change in the subcarrier modulation assignments. Upon 
the completion of operation 412, the transmitting station may communication data 
to the receiving station. 

FIG. 5 is a flow chart of a procedure for determining communication 
parameters in accordance with some embodiments of the present invention. 

25 Procedure 500 may be performed by one or more communication stations, such as 
communication stations 102 and 104 (FIG. 1) to determine communication 
parameters for communicating over a communication link using symbol- 
modulated subcarriers. The communication parameters may include subcarrier 
modulation assignments for individual subcarriers, as well as a transmit power 

30 level. Procedure 500 may be performed by a communication station to help 
determine and/or optimize throughput (e.g., link data rate) at a predetermined 
transmit power level for a given burst size. 
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In operation 502, a receiving station may receive a communication signal, 
such as a channel-sounding preamble, from a transmitting station. In some 
embodiments, the communication signal may be a request to send (RTS) 
communication, although the scope of the invention is not limited in this respect. 

5 The communication signal may carry a requested burst size and may be 
transmitted at a predetermined transmit power level. 

In operation 504, the receiving station may measure the signal properties 
of the received signal, such as the signal-to-noise ratio during the preamble. In 
operation 506, the receiving station may evaluate for various packet error rates, 

10 various subcarrier modulation assignments and fragment sizes to determine 

potential link data rates. In operation 508, the receiving station may select one of 
the potential subcarrier modulation assignments and a fragment size based on the 
potential link data rate to achieve a link data rate. In some embodiments, the 
receiving station may select one of the potential subcarrier modulation 

1 5 assignments and a fragment size based on the potential link data rate to achieve 
the highest link data rate. In some embodiments, operation 508 may comprise 
estimating a duration of a data burst and a number of bytes expected to be 
received without error (e.g., the goodput) to determine an estimated link data rate. 
In these embodiments, the receiving station may select a combination of packet 

20 error rate and fragment size to achieve a highest link data rate. 

Operation 510 may comprise transmitting the selected subcarrier 
modulation assignments and the selected fragment size to a transmitting station. In 
some embodiments, operation 510 may also include transmitting an expected 
packet error rate to the transmitting station. Upon the completion of operation 510, 

25 the receiving station may receive subsequent communications from the 
transmitting station in accordance with the selections. 

Although the individual operations of procedures 400 and 500 are 
illustrated and described as separate operations, one or more of the individual 
operations may be performed concurrently and nothing requires that the operations 

30 be performed in the order illustrated. 

Unless specifically stated otherwise, terms such as processing, computing, 
calculating, determining, displaying, or the like, may refer to an action and/or 
process of one or more processing or computing systems or similar devices that 
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may manipulate and transform data represented as physical (e.g., electronic) 
quantities within a processing system's registers and memory into other data 
similarly represented as physical quantities within the processing system's 
registers or memories, or other such information storage, transmission or display 
devices. Furthermore, as used herein, computing device includes one or more 
processing elements coupled with computer readable memory that may be volatile 
or non-volatile memory or a combination thereof. 

Embodiments of the invention may be implemented in one or a 
combination of hardware, firmware and software. Embodiments of the invention 
may also be implemented as instructions stored on a machine-readable medium, 
which may be read and executed by at least one processor to perform the 
operations described herein. A machine-readable medium may include any 
mechanism for storing or transmitting information in a form readable by a 
machine (e.g., a computer). For example, a machine-readable medium may 
include read-only memory (ROM), random-access memory (RAM), magnetic disk 
storage media, optical storage media, flash-memory devices, electrical, optical, 
acoustical or other form of propagated signals (e.g., carrier waver, infrared signals, 
digital signals, etc.), and others. 

It is emphasized that the Abstract is provided to comply with 37 C.F.R. 
Section 1.72(b) requiring an abstract that will allow the reader to ascertain the 
nature and gist of the technical disclosure. It is submitted with the understanding 
that it will not be used to limit or interpret the scope or meaning of the claims. 

In the foregoing detailed description, various features are occasionally 
grouped together in a single embodiment for the purpose of streamlining the 
disclosure. This method of disclosure is not to be interpreted as reflecting an 
intention that the claimed embodiments of the subject matter require more features 
that are expressly recited in each claim. Rather, as the following claims reflect, 
inventive subject matter lies in less than all features of a single disclosed 
embodiment. Thus the following claims are hereby incorporated into the detailed 
description, with each claim standing on its own as a separate preferred 
embodiment. 
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